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a pump body (17, 38); 

a locking member (10, 48) screwed to the pump 
body: 

a cylinder (32. 40) arranged between the locking 
member and the pump body the cylinder including 
a fixing portion (33. 41) for receiving a compression 
force in a longitudinal direction when the locking 
member is screwed to the pump body, and a sliding 
portion (32, 40) continuous with the fixing portion 
and extending in the longitudinal direction; 
a plunger (23, 53) reciprocapable in the sliding por- 
tion of the cylinder; and 

a driving member (23. 26) for driving the plunger; 

wherein the fixing portion of the cylinder has 
a slit (35. 43) formed therein. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a high-pressure 
fuel-feed pump which is used in an engine. 

DISCUSSIO N OF BACKGROUND 

In Figure 6. there is shown a sectional view of a 
conventional high-pressure fuel-feed pump. In this Fig- 
ure, reference numeral 1 designates the high-pressure 
fuel feed pump which can be mounted to e.g. a housing 
of an engine (not shown), reference numeral 2 desig- 
nates an intake port of the pump, reference numeral 3 
designates an intake passage which forms the intake 
port, reference numeral 4 designates an intake valve 
which is arranged in an intake passage for fuel entering 
from the intake passage, reference numeral 5 desig- 
nates a valve seat which has the intake valve contacted 
therewith and separated therefrom, reference numeral 6 
designates a compression coil spring which urges the 
intake valve 4 against the valve seat 5, reference 
numeral 7 designates a spring guide which guides the 
compression coil spring, reference numeral 8 desig- 
nates a threaded portion, reference numeral 9 desig- 
nates a copper washer. 

Reference numeral 10 designates a delivery valve 
as a locking member, reference numeral 1 1 designates 
a discharge valve which forms the delivery valve, refer- 
ence numeral 12 designates a valve seat which has the 
discharge valve contacted therewith and separated 
therefrom, reference numeral 13 designates a compres- 
sion coil spring which urges the discharge valve which 
against the valve seat 12. reference numeral 14 desig- 
nates a discharge port, reference numeral 15 desig- 
nates a threaded portion which is formed on outer 
periphery of a lower portion of the delivery valve 10. ref- 
erence numeral 16 designates a seal housing portion 
which is formed on the outer periphery of the delivery 
valve at a position higher than the threaded portion, ref- 
erence numeral 17 designates a pump body which has 
the delivery valve 10. the intake valve 4 and other mem- 
bers mounted thereto, reference numeral 18 designates 
a threaded portion which is formed in the pump body to 
have the intake port 2. the intake valve 4 and other 
members screwed therein, and reference numeral 19 
designates a threaded potion which is formed on the 
pump body 17 to have the delivery vaive 10 mounted 
thereto. 

Reference numeral 20 designates a cylinder which 
is arranged between the delivery valve 1 0 and the pump 
body 17. Reference numeral 21 designates an annular 
fixing portion which is formed on an upper portion of the 
cylinder, and which receives a compression force in a 
longitudinal direction (a vertical direction) when the 



delivery valve 10 is screwed into the pump body 17. 

Reference numeral 22 designates a cylindrical slid- 
ing portion of the cylinder which is integrally continuous 
to the fixing portion and extends in the longitudinal 

5 direction, reference numeral 23 designates a plunger 
which is reciprocated in the sliding portion of the cylin- 
der, and reference numeral 24 designates a tappet 
which receives a head portion 23a on a lower end of the 
plunger, which is formed in a bottomed shape, and 

10 which is supported in a tappet sliding portion 1 7a of the 
pump body 1 7 so as to be slidable. Reference numeral 
25 designates a spring seat which is mounted to the 
lower end of the plunger 23. Reference numeral 26 des- 
ignates a compression coil spring which is arranged 

15 between the spring seat and the pump body 17, and 
which urges the spring seat 25 and the plunger 23 
downwardly. 

Reference numeral 27 designates a cam which 
contacts with the tappet 24. and which is driven by the 

20 engine at a half of the rotation of the engine. Reference 
numeral 28 designates a fuel pressurization chamber 
which is defined by the cylinder 20 and the plunger 23. 
reference numeral 29 designates a copper washer 
which is an-anged between the pump body 17 and the 

25 cylinder 20. Reference numeral 30 designates an O ring 
which is arranged in the seal housing portion 16 of the 
delivery valve 10. Reference numeral 31 designates a 
copper washer which is arranged between the delivery 
valve 10 and the cylinder 20. 

30 When the unshown engine starts and rotates the 
cam 27, the plunger 23 is reciprocated through the tap- 
pet 24. 

When the plunger slides downwardly, the intake 
valve 4 lifts against the action of the compression coil 

35 spring 6. allowing fuel to be inspired into the fuel pres- 
surization chamber 28 through the intake passage 3. 

When the plunger 23 slides upwardly, the discharge 
valve 1 1 is urged by the compression coil spring 13 to 
contact with the valve seat 12 until the pressure in the 

40 fuel pressurization chamber 28 reaches a predeter- 
mined value. When the pressure in the fuel pressuriza- 
tion chamber 28 reaches the predetermined value by a 
further raise of the plunger 23. the discharge valve 1 1 
lifts upwardly to q^en against the action of the compres- 

45 sion coil spring 1 3. the fuel is supplied to a fuel pipe at a 
high pressure side (not shown) through the discharge 
port 14. 

When such a conventional device is assembled, the 
cylinder 20 is inserted into a hollow accommodation 

so portion of the pump body 1 7 through the copper washer 
29, the delivery valve 10 with the discharge valve 11 
and the compression coil spring 13 housed therein is 
screwed into the pump body 17 through the copper 
washer 31 on the cylinder 20 by engaging the threaded 

55 portions 19 and 15. and the delivery valve 10 is down- 
wardly screwed to be tightened. At that time, the fixing 
portion 21 of the cylinder 20 receives the compression 
force in the longitudinal direction by the screwing of the 
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delivery valve 10 to be firmly sandwiched between the 
delivery valve 1 0 and the pump body 1 7. 

On the other hand, the intake port 2 with the intake 
valve 4, the valve seat 5, the compression coil spring 6 
and the spring guide 7 housed therein is screwed in a 
hollow accommodation portion in a right side of the 
pump 1 7 through the treaded portion 8. 

Next, the plunger 23 is inserted into the sliding por- 
tion 22 of the cylinder 20 from below the pump body 1 7 
through the compression coil spring 26 and the spring 
seat 25, and the tappet 24 is mounted in the tappet slid- 
ing portion 1 7a of the pump body 1 7 so as to be slidaWe 
therein so that the tappet supports the plunger head 
portion 23a. 

In the conventional high-pressure fuel-feed pump, 
when the delivery valve 10 as the locking member is 
screwed into the pump body 17, the f ixing portion 21 of 
the cylinder 20 is subjected to the compression force in 
the longitudinal direction by the screwing of the delivery 
valve 1 0. The conventional fuel-feed pump has involved 
a problem in that, as shown in Figure 7. the compres- 
sion force deforms an inner peripheral surface of the 
sliding portion 22 to provide inward projection so as to 
contact the inner peripheral surface with the plunger 23. 
causing the plunger 23 to be abnormally worn and be 
subjected to seizing. 

A raise in the discharge pressure of the high-pres- 
sure fuel-feed pump deteriorates sealing property 
between the delivery valve 10 and the cylinder 20. and 
between the pump body 17 and the cylinder 20, provid- 
ing need for an increase in a tightening force of the lock- 
ing member such as the delivery valve 20. This has 
created a problem in that the deformation of the inner 
periphery surface of the sliding portion 22 is further 
developed to subject the plunger 23 to easy seizing. 

SUMMARY OF THE INVENTION 

It Is an object of the present Invention to solve these 
problems and to provide a high-pressure fuel-feed 
pump capable of restraining deformation of a sliding 
surface of cylindrical sliding portion with a plunger to 
prevent the plunger from being seized. 

According to a first aspect of the present invention, 
there is provided a high-pressure fuel-feed pump which 
comprises a pump body; a locking member screwed to 
the pump body; a cylinder arranged between the locking 
member and the pump body, the cylinder including a fix- 
ing portion for receiving a conpression force in a longi- 
tudinal direction when the locking member is screwed to 
the pump body, and a sliding portion continuous with the 
fixing portion and extending in the longitudinal direction; 
a plunger reciprocapable in the sliding portion of the cyl- 
inder: and a driving member for driving the plunger: 
wherein the fixing portion of the cylinder has a slit 
formed therein. 

According to a second aspect of the present inven- 
tion, the slit is formed in a ring shape. 



According to a third aspect of the present invention, 
the slit is formed in a longitudinal direction of the 
plunger. 

According to a fourth aspect of the present inven- 
5 tion. the slit opens to an end of the fixing portion near to 
the driving member 

According to a fifth aspect of the present invention, 
the slit has a bottom in a longitudinal direction thereof 
positioned at a level which is not lower than a maximum 
10 level of a reciprocation of a head of the plunger. 

According to a sixth aspect of the present invention, 
the locking member is a delivery valve having a dis- 
charge valve. 

According to a seventh aspect of the present inven- 
75 tion, the locking rhember is a casing having a intake 
passage and a discharge passage. 

In accordance with the first aspect, deformation of 
the plunger sliding portion in the cylinder can be 
restrained to prevent the plunger from being seized and 
20 to allow an increase in a tightening force by the locking 
member. As a result, sealing properties between the 
locking member and the pump body, and between the 
pump body and the cylinder can be sufficiently ensured 
to provide a high-pressure fuel-feed pump with fuel 
25 leakage minimized. 

In accordance with the second aspect, the fabrica- 
tion of the slit is simple, and deformation of the plunger 
sliding portion in the cylinder can be restrained in a suf- 
ficient manner. 

30 In accordance with the third aspect, the deforma- 
tion of the plunger sliding portion in the cylinder can be 
restrained in a further effective manner. 

In accordance with the fourth aspect, the deforma- 
tion of the plunger sliding portion in the cylinder can be 
35 more surely restrained, further improving a seizing pre- 
vention effect for the plunger. 

In accordance with the fifth aspect, the deformation 
of the plunger sliding portion in the cylinder, in particu- 
lar, due to inward projection of the cylinder can be surely 
40 restrained. 

In accordance with the sixth aspect, there is offered 
advantages in that the number of required parts can be 
reduced and that the device can be made smaller. 

In accordance with the seventh aspect a sealing 
45 property can be improved to provide the device wherein 
fuel leakage is further minimized. 

BRIEF DESCRIPTION OF DRAWINGS 

50 A more complete appredation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by 
reference to the following detailed description when 
considered in connection with the aoconpanying draw- 

55 ings. wherein: 

Rgure 1 is a sectional view of the high-pressure 
fuel-feed pump according to a first embodiment of 
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the present invention; 

Rgure 2 is a sectional view taken atong the line 11-11 
of Figure 1 : 

Rgure 3 is an enlarged sectional view of an essen- 
tial part of the first embodiment; 
Rgure 4 is a sectional view of an essential part of 
the pump according to a second embodiment of the 
present invention; 

Rgure 5 is a sectional view of the pump according 
to a third embodiment of the present invention; 
Rgure 6 is a sectional view of a conventional high- 
pressure fuel-feed pump; and 
Rgure 7 Is an enlarged sectional view of an essen- 
tial portion of the conventional pump. 

DESCRIPTION OF THE PR EFERRED EMBODI- 
MENTS 

EMBODIMENT 1 

In Figure 1, there is shown a sectional view of the 
high-pressure fuel-feed pump according to an embodi- 
ment of the present invention. In Figure 2, there is 
shown an enlarged sectional view of an essential por- 
tion of the high-pressure fuel-feed pump according to 
the embodiment. In Rgure 1 . reference numeral 32 des- 
ignates a cylinder which is arranged between a delivery 
valve 10 and a pump body 17. Reference numeral 33 
designates an annular fixing portion which is formed on 
an upper portion of the cylinder, and which receives a 
compression force in a longitudinal direction (a vertical 
direction) when the delivery valve 10 is screwed into the 
pump body 17. Reference numeral 34 designates a 
cylindrical sliding portion which is integrally continuous 
to the fixing portion and extends in the longitudinal 
direction. 

Reference numeral 35 designates an annular slit 
which is formed in a lower end of the fixing portion 33, 
and which is shown in an enlarged form in Rgure 2 as a 
sectional view taken along the line 11-11 of Figure 1 . 

When the pump constructed according to the 
embodiment Is assembled, the cylinder 32 ts inserted 
irrto a hollow accommodation portion of the pump body 
17 through a copper washer 29. the delivery valve 10 
with a discharge valve 1 1 and a compression coil spring 
13 housed therein is screwed into the pump body 17 
through a copper washer 31 on the cylinder by engag- 
ing a threaded portion 19 of the pump body and a 
threaded portion 15 of the delivery valve, and the deliv- 
ery valve 1 0 is downwardly screwed Into the pump body 
to be tightened with the pump body. At that time, the fix- 
ing portion 33 of the cylinder 32 is subjected to the com- 
pression force in the longitudinal direction by the 
screwing of the delivery valve 10. Since the fixing por- 
tion 33 of the cylinder 32 has the slit 35 formed therein, 
the fixing portion 33 is distorted by application of the 
tightening force of the delivery valve 10 to the fixing por- 
tion 33 as shown in Figure 3. 



There is no inward projection on a sliding surface of 
the cylindrical slicing portion 34 with a plunger 23. 
Instead, distortion is caused as inward projection of the 
cylinder 32 at a position higher than the maximum rais- 

5 ing position of the plunger 23 in the cylinder 32. 

Because the plunger 23 can smoothly reciprocate 
in the cylindrical sliding portion 34 in the vertical direc- 
tion in a reciprocation in the cylinder 32, there is no pos- 
sibility that the plunger 23 is seized. 

10 The provision of the slit 35 allows an increase in the 
tightening force of the delivery valve 10 to ensure seal- 
ing properties between the delivery valve 10 and the 
cylinder 32, and between the pump body 1 7 and the cyl- 
inder 32. providing a high-pressure fuel-feed pump with 

75 fuel leakage minimized. Even if there are variations in 
an axial force due to variations in the tightening force of 
the delivery valve 10, the provision of the slit 35 can 
restrain the cylinder 32 from being distorted in a stable 
manner. 

20 

EMBODIMENT 2 

Although in the first embodiment, the slit 35 is 
formed in an annular shape as shown in Figure 2, the 
25 slit 35 may have some portions formed with connection 
portions as shown in Figure 4. offering advantages sim- 
ilar to the first embodiment. 

EMBODIMENT 3 

30 

In Figure 5. there is shown a sectional view of a 
third embodiment of the present invention. In Figure 5, 
reference numeral 100 designates the high-pressure 
fuel-feed pump according to the third embodiment 

35 which includes an intake passage 36 and a discharge 
passage 37 in communication with a fuel pipe (not 
shown). Reference numeral 38 designates a pump body 
which is fixed to a housing of an engine (not shown). 
Reference numeral 39 designates a pump cam which is 

40 carried on a valve cam shaft (not shown) and drives the 
high-pressure fuel-feed pump 100. Reference numeral 
40 designates a cylinder which includes an annular fix- 
ing portion 41 extending in a vertical direction, a cylin- 
drical sliding portion 42 integrally continuous to the 

45 fixing portion and extending in a longitudinal direction 
(vertical direction), and an annular slit 43 which is 
formed in the fixing portion 41 at a location near to an 
upper end of the cylindrical sliding portion 42. 

The cylinder 40 is fixedly screwed to a casing 48 as 

so the locking member in the pump body 38 through a 
housing 44 therebelow and through a plate" A" 45, a 
valve plate (intake valve/discharge valve) 46 and a 
plate"B*' 47 thereabove. 

Reference numeral 49 designates a through hole 

55 for fixing which is formed in the pump body 38. Refer- 
ence numeral 50 designates a threaded hole which is 
formed in the casing 48. Reference numeral 51 desig- 
nates a plurality of bolts which extend through the 



BNSDOCID: <EP 087e621A2J_> 



7 



EP 0 878 621 A2 



8 



through holes in the pump body 38 and are screwed into 
the threaded holes 50 in the casing 48. The casing 48 
has the intake passage 36 and the discharge passage 
37 formed therein, and both passages communicate 
with a fuel pressurizatlon chamber 52 through the valve 
plate 46 supported between the plate^A" 45 and the 
plate"B" 47. Reference numeral 53 designates a 
plunger which is supported in the cylindrical sliding por- 
tion 42 of the cylinder 40 so as to be reciprocapable on 
an inner wall of the cylindrical sliding portion, and which 
is downwardly urged by a compression coil spring 55 
extended between the plunger and a spring guide 54 
mounted to the plate'^B" 47. 

Reference numeral 56 designates a tappet which is 
formed in a lidded cylindrical shape and which rotatably 
supports a pin 57. The pin 57 rotatably carries a first 
hollow cylindricat roller 58 and a second hollow cylindri- 
cal roller 59 thereon, and the second roller 59 contacts 
with the cam 39. Reference numeral 60 designates a 
spring seat which contacts with a head of the tappet 56 
in such manner the spring seat is urged by a compres- 
sion coil spring 61 . 

The plunger 53 has a head portion 53a contacted 
with a top surface of the head of the tappet 56. 

Reference numeral 62 designates a tappet sliding 
portion which is formed in the pump body 38. 

In accordance with the third embodiment thus con- 
structed, the plunger 53 is reciprocated in the vertical 
direction by rotation of the cam 39 through the second 
roller 59, the first roller 58, the pin 57 and the tappet 56. 
When the plunger 53 is downwardly slid under the 
action of the compression coil spring 61, the intake 
valve (not shown) in the valve plate 46 opens, allowing 
fuel to be inspired into the fuel pressurization chamber 
52 through the intake passage 36. On the other hand, 
when the plunger 53 is upwardly slid, the discharge 
valve (not shown) in the valve plate 46 opens, allowing 
the fuel to be discharged from the fuel pressurization 
chamber 52 into the discharge passage 37. 

In accordance with the third embodiment, when the 
pump body 38 is fixed into the casing 46 by screwing the 
bolts 51 , the fixing portion 41 of the cylinder 40 is sub- 
jected to a compression force in the vertical direction 
through the housing 44 to deform the cylindrical sliding 
portion 42. However, there is caused no inward projec- 
tion deformation on the inner surface of the cylindrical 
sliding portion 42 with the plunger 53 sliding thereon 
because the slit 43 is deeply formed so as to be 
extended to a position higher than a maximum raising 
position 53b of the plunger 53 by a length L in Figure 5. 

Such arrangement can prevent the plunger 53 from 
being seized. The provision of the slit 43 allows an 
increase in the tightening force of the casing 48 so as to 
ensure sealing properties between the casing 48 and 
the pump body 38. and among the pump body 38, the 
housing 44 and the cylinder 48. providing a high-pres- 
sure fuel-feed pump 100 with fuel leakage minimized. 

Even if there are variations in axial force due to var- 



iations in the tightening force of the casing 48. the provi- 
sion of the slit 43 can restrain the cylinder 40 from being 
distorted in a stable manner. 

Obviously, numerous modifications and variations 
5 of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 

10 

Claims 

1. A high-pressure fuel-feed pump comprising: 

75 a pump body (17, 38) ; 

a locking member (10. 48) screwed to the 
pump body; 

a cylinder (32, 40) arranged between the lock- 
ing member and the pump body, the cylinder 
20 including a fixing portion (33. 41 ) for receiving a 

compression force in a longitudinal direction 
when the locking member is screwed to the 
pump body, and a sliding portion (32, 40) con- 
tinuous with the fixing portion and extending in 
25 the longitudinal direction; 

a plunger (23, 53) reciprocapable in the sliding 
~ portion of the cylinder; and 

a driving memt>er (23, 26) for driving the 
plunger; 

30 wherein the fixing portion of the cylinder 

has a slit (35, 43) formed therein. 

2. A high-pressure fuel-feed pump according to Claim 
1. wherein the slit is formed in a ring shape. 

35 

3. A high-pressure fuel-feed pump according to Claim 
1 or 2, wherein the slit is formed in a longitudinal 
direction of the plunger. 

40 4, Pi high-pressure fuel-feed pump according to any 
one of Claims 1 - 4. wherein the slit opens to an end 
of the fixing portion near to the driving member. 

5. A high-pressure fuel-feed pump according to Claim 
45 4. wheren the slit has a bottom in a longitudinal 
direction thereof positioned at a level which is not 
lower than a maximum level of a reciprocation of a 
head of the plunger. 

50 6. A high-pressure fuel-feed pump according to any 
one of Claims 1 - 5, wherein the locking member is 
a delivery valve (1 0) having a discharge valve (1 1). 

7. A high-pressure fuel-feed pump according to any 
55 one of Claims 1 - 5. wherein the locking member is 
a casing (48) having a intake passage (36) and a 
discharge passage (48). 



5. 

45 
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FIGURE 3 
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SHAPE BEFORE TIGHTENING 
DEFORMED SHAPE AFTER TIGHTENING 
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(54) High-pressure fuel-feed pump 

(57) A high-pressure fuel-feed pump comprising: 

a pump bo6y (1 7, 38); 

a locking member (10, 48) screwed to the pump 
body: 

a cylinder (32, 40) arranged between the locking 
member and the pump body the cylinder including 
a fixing portion (33. 41) for receiving a compression 
force in a longitudinal direction when the locking 
member is screwed to the pump body, and a sliding 
portion (32, 40) continuous with the fixing portion 
and extending in the longitudinal direction; 
a plunger (23. 53) reciprocapable in the sliding por- 
tion of the cylinder; and 

a driving member (23. 26) for driving the plunger; 

wherein the fixing portion of the cylinder has 
a s6t (35. 43) formed therein. 
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